Four circulant (or type 1) (0,1,-1) matrices X 1 , X 2 , X 3 , X 4 of order t with the property that each of the t 2 positions is non-zero in precisely one of the X i and such that X 1 X 1 T + X 2 X 2 T + X 3 X 3 T + X 4 X 4 T = tI t will be called T-matrices.
INTRODUCTION An
Hadamard matrix H = (h .. ) is a square matrix of order n with lJ elements +1 or -1 which satisfies the matrix equation
where HT denotes H transposed and I the identity matrix.
Unless specifically stated the order of matrices should be determined from the context. We use with every element +1.
The matrices for -1 and J for the matrix are Hadamard matrices of order 1, 2, 4 and 4 respectively.
It can be shown (see [7] and [20] ) that the order of an Hadamard matrix is necessarily 1, 2 or 4m for some m = 1,2,3, . 
is an Hadamard matrix of order lit.
The following array is an example of a Baumert-Hall array of order 3 oonstructed using the Goethals-Seidel method. 
defined on the elements of G,
by T-matrices may be easily shown to have the following properties:
Let Xl' Z2, X 3 , X, be T-matrices of order t.
Further let column of
of Xi' X. 2.
PREVIOUS CONSTRUCTION or T-MATRICES
In [2J and [8J T-matrices are constructed, ad hoc, for various small orders using guessing and a little cyclotomy.
Apparently, Richard J. Turyn has used circulant T-matrices The required Hadamard matrix is
This construction does ned: give new Hadamar, mdtrices as vlilliilm~on matrices are known for the orders given by the tloorem. In the table we give complete lists of T-inequivalent 'I-sets of orders t = 3,5,7,9. For each t we list the values of T-sets that occur with these parameters.
CONSTRUCTION OF T-SE1'S FOR
[We note that most of the possible cases that do not in fact occur are ruled out by simple parity arguments.
Only in a few cases was it necessary to test various assignments of +1 and -1 to rule out a case.] Note: for t = 9 vie list the T-inequival' 'It 2-sets, ... , 7-se ts. We also note the followin~ remarkable occurrence.
with t = 9 we inserted the matrices X I> X 2 , X 3' X 4
Seidel array to obtain a (0,1,-1) matrix M satisfying for each ca,;e in the Goethals-
The Smith Normal form (see [9,p.44 
